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ABSTRACT : 

PROBLEM TO BE SOLVED: To provide a satisfactory machined surface 
roughness on the surface of a steel material or cemented carbide by 
subjecting a body to be treated to an electric discharge surface 
treatment in a ^working fluid in which carbon i s decomposed by 
discharge, polishing or discharge-grrnding the sur'face of the body to 
be treated, and th en n itriding the body to be treated. 

SOLUTION: A green compact electrode is formed by compression . / 
molding a me t a J_Ji avijiq^ J: h e property of being hardened by Jx 
carbonization, foj _example, a hydrogenated metal such__as tit anium^^ 
h Ydj".i de _LT iH2 ) . A steel material or a cemented carbide of a sintered 
body of tungsten carbide-cobalt (WC-Co) which is a body to be treated 
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1 is subjected to an electric discharge machining in a working fluid 
in which carbon is decomposed by discharge, for example, in oil. 
Thus, the surface of the body to be treated 1 is coated with the 
carbide of the electrode material. Thereafter, the electric discharge 
processed surface 2 provided on the body to be treated 1 is 
mechanically polished, for example, by a tool 3. The polished based 
material 1 is further nitrided. 
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1 

LTJ5c«raxfflmsit mmi>zj:',xmt'i^m-ti 
MT.m'pizis^^xmmmmm.mmmL. ^cotk, 

I'mms] mmmx.mmmii. m-itixm^tti^ 
%>\-vfKi)^-^m.-^'ux^^m\.fz%j<r>xhh:Lt^m 

mMza^ri''^^ ZL h ^mwih-ftmim i t-t,mim 
3 ^n^t^zsmmMMm^m-nm . 

[000 1] 

\,zm-h{,<m:hh. 

[0002] 

T. E^fwiffitKiS) }:.\.xmmfxhhm'^m 
(wc-co) ffmrnmrn^x-WMMJiL. 

a(::«ffittl4^7)K^t,!|i Lyiimit^^y (TiHs) ^r^>(f 

M^L^^y (Tic) ] ^wm-fiwmmmLx^^ 

[ 0 0 0 3 ] , ±isco J: 3 i>zw.m ifznm^mim 
mtizti,zx-ox. mti-^y (Tic) ^rmmitm 

\Wy (TiCN) tc, aSf-r^'y (Ti ) ^^-fCf- 

^-y (TiN) t-fb^^^b$-it, ^W^ioTMb^^' 
y(TiC) J;'9t,J:0«i«««tt^*^l.«iB;i^ 

[0004] 

vwM^miLiiot^hWkm^ t^^x\ Emm® 

mM&f}^itm^iz^^^n-TX'c7)mm±mh^ ? 
It. mmtmmm^±x'6 jumRzm^. m^T9u 

iii^rsti 1 1 m R z iTFX'h h cokz . mmm^mt 
h:ibi,zxy)it±Mhh-^^m<^xh. 
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[0005] -ffT)!!* i: LT(±. mW9Mi}^mMm 

^^\.znmm^zx ^xmCi^m--thLh . mw 
^mmhmi'c'^i^y {t\hi) m<r)m-mL 
<mmtx'^i,z<\^:it imimt. mv^^w^x-m. 

[0006] i5cm^®5!ia{±, c vd {it^e^mm) ^ 

PVD (*«!JBIW^«) , *I.VMi^-y^^(Cjt^T, 

<^xoiz. aiMhf^^tn umRzm&txi%htim 

m.mm>iStmmzm^tthmnzmh. ti:±®j)^>s 
tm^^ttx'm-{t^uzmmk^j:-ox\.^h, 
[0007] m^comimmM>cr>mmmmx'hixii. ± 

20 »ftJ:E*4.§ ( l/xmRz^) ^ieSt-r-S*& 

X^j:^tifzh(DX'hi> . 
[0008] 

[siiffl^iB?*-r^7ti6co#s] m^ii,zi}^*-htsi^ 
mmumii. mtLxmitt^±m(om^mm 
Lxtmnxmrnmb l. mzx->xmmmm-ti 

30 [0009] 2 i>zpf}-^m'mmmmijmii . m 
^tLxmit-tt±mm^^smmixmmi\a:mm 

mizmmm'm^mt. mz^<m. wMmmmm^ 
mm-thcr>x'hi. 

[0010] mams ^zt-t^hw-wm^mnwii. m 
^ 1 tfz^m^ 2 <r>\ ^-ttiMztmrtym^mm^ 
Mz)i\^x. m\:Lxmiti-^m^h':>^mmmz 
mm&comm. mum. mm<D:}^-^j:<tu^-rtLf}- 
40 Srift^ Lxmrnm^LfzikWiinLmmMizx o ffii!«if* 

[0011] if^iB4 tc*^*^i.:Stm5!iil*ffi{±, 

1 *-'^ii*Ji3«i,^^ii*H3tsa<7)Kii^ffi}!!ia^rS{; 

[00 12] 

mmmmmi. -^wm^m. Tum-tt^^y (tihi) 
LfzEmim.mizxm'PWM^zx 'ommm 

50 $r^B}3!ia-r§ll®^fi'oTI^-CV^I.*\ 
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Sf«lCi^SDl)tcO^»*-'t:yi:f-:J'>- (Ti) 
cOi^^izXimt^^y (TiC) Sr^giC-^t^iSSJ^ 

a . S®-&^±T' 6 m R z , i^Si^i^ilff ±T- 9 ( 
mRz ) tf^nc^tlXH'O. ^yiTXTViJ-^M 
^N';t/b (WC-Co) <nm^wmmzi.hMlM^. ^IM 

icSM^ii-S. 1 ;w mR zSS«Ott±OT$t::{i;aLTV^ 
ts:\\ 10 

[ 0 0 1 3 ] -e^T', gffiiMffitms«^«^fiffflL 

[00 14] il-r, ^S-ffctTS^t^l.tt«5rt'5^«. 

o) <r>msi^<7)mm^^m^ . -sm^zx-^xmrnmrn 
(ommi,zmmim(omm^wmti, ^<mk. 01c 20 

[ 0 0 1 5 ] Hp*> . a 1 tii cr)^Bjcoii 1 cnmmmm^: 

i,±mmmi>zmm-rttii^<^xM:ThiAmi^^ lt v ^ 
z(DAm3(r>mmiizii, mi,zximLfzm.m-3 
jjLmm^(nr^'vty\^^-xhi}^mfi^iiXti'0. z 

coAmsizx 0 w 1 cmmizm^iifzmmm^wt 
mmzmt^, :i(^mmmmximmmi 30 

Iffi i^^^b^^'y (TiHz) coE^* 

^®ltt : v-f 

KTOciJfflIp: 8 A 
AVU;^i|iTon : 2/;t s 
^f:±B$^Toff : 2 5 5 /;( s 
MX^m : Sniin 

SJflS* : ^yi?'XTy:^-'>U F-3VS;|^b 
(WC-Co) i3J;t>mi*ffl (SKD-1 1) 

[0016] mz. mm^titzm i t^MtJiO^iSritfe 40 

t;i3f>-C, 2 0ii^f*:. l{ifil#:2 0(;)RttS^I-l.€ 
IJ, 2 1 lim# 2 0 1 TO 
2 2{i^^Jl&JjPf!itl.SDift«5. 2 3{i:filft:2 0 
iOJ'ha5lCffilS?^lSfS*M*c^^2lRttSII. 2 4{iS 
2lRtt^2 3**^fS<*:aSSrttft2 0l^t^<«g§^ 
^LTV^ii. (±l:*^tjSf*g^S:miJKJtS^fl2 
ItcAa. m2 0co*$:M^-C?E^}t-rco{i. 

[0017] ±IS^S5:fflv^T»:<0i:fc 0 WfOgfM 50 
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aSr^T-^it. g-fl^ftiiLTj^jBGO ("C) , 10 (mi 
3. ia4(:^ti:j:3 0i:=5ro/c. Bl3tfcV^T. 

(:>^X7m\t-i-^y (TiH2) E»#:Sftaffi<7)^tc7)t 
cot, ^n^mmMLtzh<D. ^amiti-^y (tihj 

) EmwaiS^iTieLTtt cot, >?-ix5rM<bJ!IlIL 
?ttco, v^-ffLi^'fbMacolgf^-C'ttiBJf^'^^co^^b 
(i^rv^. =5:^, Wti:? V:/Xr }<-:3J<)\, 
h (WC-Co) ^S-^tiHtt (SKD 1 1) T'$> 
I. 

[ 0 0 1 8 ] m4com-{mmm(rm&mt^^^ 
•tmt^^mhi]'^j:Xii>z, ym^ti-^y {TiU2)mi 
(*sfig) oihmm^mm-r^nbizx'o . e®-^^ 

tca-f y^^brzhcr)X'\i:'y:^-Xim.Hv 14 5 0 
f'/p^f-X^H V 1 7 0 0 , $HttT'h'y;ir-X« 
JSH V 1 0 5 0*^^>b'-y;<7-X«JKHv 1 3 0 0 t^o 

T ^ I. c: fc . ttz. m^it^miz X h m.fS±m± 
m-h^x'hh, 

'^-ifzhcnmmi. mm^{zm^Ltzh(r>x\i"f:^ 

-^S«H V 1 4 5 0*>f >y;i?-;^®KH V 1 3 0 0 
t;. ^/;i3«T't'-y;t/-X?iSHv 1 0 SO^^h'-yj^^- 
XSaHvSOOtcffiTLTVi^, -f-fx^jSr^^kJPIL. 
/Sicoti, j@®-^^tCi{!lBiL!ti;COT't'-y;ir-X®JSH 

V 1 4 5 0 . fflffTb'-y;^-X®fiHv 9 5 0 t?gJK*^' 

t^iflS. U^U, n-x-f >^^LT*WSco^t«$rg 
^bJjPIUctcotJt^nif, -f-a-fixf-y^-xS^H 

V 3 0 OgSffiV\ iilJS^ffiiicOf-:? y ( Ti ) JS,:H- 
A<^<-C*^l:f-:^'>' (TiC) l^t^*iiJ'^^ua5^*i|^S 

(TiH2) •Ct^a»aLit^^cOi,c7)tJt'<T. ffiS<?) 

±LTfc 0 , mmzi: hm^mzi. o ^coBmKtt*^ 

[0020] )S«aSltcov^TiKBJ-ri. . 
f-^ y ( T i H 2 ) «ff J: l-ifcmjasffii: 

cr)^mm<r>tii'ox'ht . 

b-yjg^K: 7. 9 8mm<!i (0. ScmM 

ff#(t:^ : 0 . 5 k g f , J:ot##E:'3 1kg f/c 

im/s ir-fX^tf : SK-3 

imM. : 2 5km^^f^^fc«t'l.^tta» 
ss-^^co^ ^^s«^ffi^!&a^t■f : 2 m g 

^■^^',zi-i>y±WMmxWM9m : 0 . 7 m g 

@®t7j<5S^tf-^yc7)E»}*mffit';Sti^!ia : 0 . 1 m 

s 
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•fb : U'HZ LTtf-*T'# -f 0 . 0 1 m g gjg 

c 0 0 2 1 ] mitmmwizxm^m. mmn:^ 

ot;. -mz) izxi^'ptamm^m^^fz. ^eois 
it'S-S'y (Tic ) ^*5K^t:?ii, m^m^it^^y 

(TiO) , miti-^y (Ti02 ) miz^itUztzbbt 
^li^til. IP*., aW®SJ:0fi£TLTV^|>cD<4«S 
mm^tlfzmit^^y (TiC) +f (Ti) Ij&i 

m^tixm^i-^y (xioz ) ^K^-ftt, 

[0022] zcr>%m<^m 1 ioiiiije^j±±ie«oh 0 
mmmimmmmizx-oxmitL. ^com, m.it 

5i±. ^^'y (Ti ) off15f*^®cJ;oT©ffS-?ft4' 

TWixnu-Ltz^^. miff)^mi}^hwmm^m\<zhfz 
oonm-cnmimMtiz^^y (t\ ) <nm^mM\,zi 

m'¥WM^:'{y'^tzi,<^-Vh^. Vtic th 
h<n\i^^y {T\ ) mmMzi.^^^fih^m 

(c) tm^Lxmti-^y (tic ) t^-^f^tio 
mti-^y (TiC) /f-:?y (Ti) co;»t«5!iffl^ 

ZtliZX'jXm^T^hh'^X'hh. ^£}5\z-y:^-xm 
SHv(J, #S0. 0 Ikg ( 1 Ogr) {;J;§a)JS€rS> 

[0023] ZCTiX 0 IZ. ■Sff^fflc7)®jK*i«< , rtgp 

^:*^'-oT^^t-^^'y (TiC) tm^J'-'L. -1-^y (Ti) 
(DWi-^fj^mati z h ^wm-h .^-ox. y-^^^y 

^hZb\>z^j:h. 

[0024] L , -e^^^-^T-^-fb^aasrff^ 3 b , 
(Ti ) \tm.-^i-^y (TiN) i^iQ. 

Mb^:5'>' (TiC) (TiCN ) 

bti:htz>^i\>z, mA{,ZmtXo\,z. Bt/«ff{i±#f 
I.. =5:*^. m3ii-mht--^j:Xo\.z^ -ftiffiS. ^> $ ti± 

[00 25] <?:c, 06 ( a ) ( d ) ^znM<^WMm 

fc, WMMWkn- (JScm€oSlp=7A, A-;l';^1iiTon 
= 2jj.s) i'h^<LXW^?M(r)WM^'il-o-t^. z<r>m 
<r)^ (IftM^jKoJt^'eli^) {!n.iUi<:7)[uifl 
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z.mim>iW-m&<r>&-^i- if y (Ti )i)mmz};.'ox 

S«^H(^S^?§f § ^tcjDlf^ffl Srff o tzisb\,zm\iZib 

[0026] #-5T, imm»mx 0 1 wi*ia5tA 
ffiis< t.x'mwm'mm-k'\^^j:'ytzi:,ff)^m\mmLtz^ 
[0027] jxtc, K««®^Q:aatoM'ft;«5a(cJ:'&« 

( 1 ) miaTMmt^mktmmmnt£otz!sb. m 
mmm'osbMmis-r?>zbiii!K<^t^tixi5^ , m 
mmmmcommm^ttib. mzm&i^±^-t?>i-i^i 

20 x'^xK . mm(^mx^zx-:>ximwmimbx5\^^ 
mijmmi. ^^^zx-^xsmmm^zmti. ^ 

(2) i~9y(Ti ) (r)B^inmizX'::xmwmL 
0, maxmx'hmbcommti^m-i. mmiz^t 

(3) tfz, mT^^ffibn*}. muzi-^xmrnfii^^i^i 
^<mt i^j:^^cox\ m-imiz^±iftzmxmf) f> s *5 
m^ti&. ■t^j:h-h. mmii±mcr)i,bizmm^'& 

30 ^\n±^^izbf)^x-ti. msmi) 

[ 0 0 2 8 ] la 7 i 'oticKmmmmizmm^ 
MIX. mz^com. ^■ittfzmMmmcommwbtiz'o 
\'^xmm-t^. mxi^jsimim'. ^ffi_ho0j*<7^*^^> 

w3^:mifztt<o^mmb^j:i , zmii±±mh{^^ 

ixm^Ui. M.mm^:k^<bix&mmX'$)'^. w 

40 miitsL^m^j:mmm\<7)im<7)m?:-ti>(7)x\ m 

. -^X^\^^^b^j:6. 
[ 0 0 2 9 ] }^(C. 5S^<7)X^I5I#i!|gSt/Bg^:8-«f 

^'fbf-^'y (TiH2) <7)£E!|&<«StcJ:.|.SPlffi2rl5F*J 

mtLfzij(o<r)mm^xmmzX'yx-^mL 
tzt^^. mmim-\t^ y ( ti c n ) , a^tf-^ y 

(TIN) ;!)«e:i£LTU|>C:J:*i"fill2S;il^c. 

[0030] micommz. ±iim 1 <7)»jsjeffl(cfcv^ 

•Cfi, ymit^-^y (TiH2) c7)E««t««gfc j; 

50 jJ!iiiL^si5jost«jfiaffi&, mm^zy-i^'^yY^- 
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lURSK, afiaid, ^w^Ki^tj: ^^a^, sy>aAMi«rfl£i;=5r'9, ^crt^x-mimm^ 

»mifzmmmw\x'htiimM^j:&^&x-ijX\>^ztii [ o o 3 e ] zcoiimii. mzm\i.M(Dmmmm<Dm 

too 3 1] mm<^mm^. mz^ :i<r)%m<^w.3cr>% Lxhmmx-^. ■t^X(r)j:M'^m\,z^&mx-%h. 
mml<z■o\,^xmm■^ . ^ co^^com'^co--?!:: IX . [ 0 0 3 7 ] <5i:tc. mwimizx m^comitt ^cnm 

miti- y ( Ti N ) ^mmitr/i- s --^ a [ Ti ( a i ]Eirmzr>\ -^xmrnti . wcmmmmit:XMj}^imo 

N) ] Ira— r-f y^^L7tx>-FS;K>HU;K?)S3- ^KcmWzntXffo^lz. JJ^lMitL'^^M 

y-'oymmti^fih, ^<^m^. m%Lrz^-9tm^m lo ^i^tuf. ^<^mMi. ^mit^^y (t\ui) o 

^:'mtUJ:\mmm1^ml,z':>\.■^xm.mtl, t\'\ 

[ 0 0 3 2 ] 08 i,zm,i>z^ mmmms^m<':>iitz [ o o 3 s ] mt^v^iE-fiifmii. yJ%^:ytji^■tt 

6a-d«*^{i, P = 7A. »N7PXls (ci O^^&TOJf^t^MLTff* tv^J^tJ^^isit/^ 

T o n = 2 « s t'$>l> msc^m-^llMM^ I P tt±(ffflSrtt±{t\ S-ftjilLa^ff 3 » 

= 7 A , Sci:^ VlXij^T o n = 1 6 /I s t L:t«'^T* [0039] Il)!ifec0}e.^4 . M^t^MtlOV -^TtiH 2 1 

I, Z(Dm8i3^t>'mXil,z, 1 0^Wt'2 0AtmJil Cixmi-cDHigje^i: t-C»:tfOt(05:WI. 

l.jl^SS<oi^l^«g|5^i-{i, mm-tlZbt<X'^l. AUra^/^Sr^^, /v:t;tfi'xyH*;p, b''J;l-coJ: 

^fc. l!!cl:M7P;^1iTon2r3 2//sg^tC^<i:n ^^t>Wc7)Jn,^:»^a^;H*lHa< „ ^a^g^ffl 

Jf. 1 0 0;«mg«C0Jg$lC{i^^(cai-&. -ecOtl-^ m+tBV^TiK-r^lJf . 5 0 0~6 0 O'CmS. 

<50tt±*£,?{i2 0;umSSi:^<!5rS*^\ ZtLt:-y-t lc{±^:'3f|^„ Sil:{±3 0 OrSSJiLhT-ff^::b:h.SiO 

tmzji:±mh^^ i> . wmxMmt ltj^:^^ lum [ o o 4 o ] 4?^, mit-tK^^^i,z^m:ff:^i:^LUx 

[0033] i<DXdizi-tii£. mixmmL<i^^ mmiti:n^j:^xhx\'\ 

^ami-e^^rv^pso. ffweto^at, ssfstis [004 1] nfstoj^^s. mz. mm^mm5iz-:)\,^ 

^r'ificoztt^x'^i, mfmizj:^T.m^c^m'>- mm\Li-9y {Tun) <r)^^mm-h{j^x\ mi 

[0034] HQ {iWMilXMOD)tffim^lrS^-rilT-& N ) J; i>mm.i\L'f-^ y ( Ti2 N ) fc*^ 

m-¥i(r>±-^t^j:hmtX'm^-th<iL-mm O , WWJ ^^•CSfg«0ii-E$:«T-li:$'l.7t^tr;l^:?>;i?-;^ ta« 

Ztlz^j:l, cr)mmiii:MZ^zm&mM.itX\ T}Vdyi5X : 

[0035] =5:fc, H9£^J; ^t. igiijx**^::^;^ <® M#;!?'^=7 0 : 3 0 1 Lfz, 
^LTV^^B^Wi, miC-?-0±*-f,E^f*c^ffiT*l;^ 40 [0042] 

±.i>^hmmmtim^^\,zx ->x\±m.mMMJHz ^mm^fm-ti zt^n-^ 
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[0 1 ] zmmm i c^mtmmmmtmm 
[04 ] m^m<7im 1 cr,mtmmi,z^:hmmm^ 

[05] L CD^mcom 1 cOHSIJgKcO^H^ailt fctt 
[06] ; (DWMnm 1 iOUffijg^co^BMJIt fc(t 
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^t0T*)l,, 

[07] z m^mm 1 ^oiiM»^ffl«ia(ci3{t 

aL:ta?!iSf*:^ffic^ffiSttt;^giH^-tS0T$)S , 
[08] ^ nwmm 3 co»4m««H*{ia(Cfc It 
l.«*!Laf*:^!O^Maii^ i¥< #<t;t%&o«iaffitt« 

[09] ,1 (nwmw. 3 coMfi?F»«ffiJ!ia(cfc(t 

10 [010] c7)f|Bji7)^ 5 olim«i7)»ffi«n« tts 

1 W.9mi^. 2 3 xm. 20 g 

ft, 2 1 UlCOTO^fs, 2 2 ism^. 23 m2 
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